This paper sets out to explore the strength of the relationship between the proximity of a property to the city center and its price. Buyers are willing to pay extra for apartments or houses closer to the city center, but the extent of this willingness remains largely unexplored. Our research question is: How much does a minute of commuting time influence the price of an apartment in Prague? In other words, with every minute of commuting time, how much more is paid for a house or an apartment closer to the central business district (CBD)?
INTRODUCTION
Among the reasons that people and companies cluster together to form communities, towns and cities, economists most often mention economies of scale and agglomeration economies (Brueckner, 2011) . The specialization of work and the scale of production result in more efficient and competitive production, and therefore lower prices. An automobile production company, for example, manufacturing 10 million cars per year is more efficient than a smaller company that produces only a few hundred. In fact, a town's existence can be dependent on a small number of large companies located in them, or even on the existence of only one large company. A good example of this is Wolfsburg, Germany, hometown of Volkswagen.
Agglomeration economies are a more elusive concept and are related to the economies of scale in many respects. They derive their added value from companies in close proximity to each other. They are thus able to create wider range of production chains, and enjoy a larger pool of workers able to highly specialize (and be secure in their future employment prospects). A small town may be able to host a hospital with a few doctors, but their field of specialization will be significantly restricted by the size of the population. On other hand, doctors in large cities can be highly specialized, you might find intestinal tract oncologists or brain surgeons there. Higher specialization results in a higher added value for these professions, a byproduct of being located in a large city (Brueckner, 2011) . Technological clusters are another example of agglomeration economies -a pool of workers and companies are able to work more effectively at a larger scale. Put simply, frontier technological advancements are implemented faster when people and companies cluster in close proximity to each other.
These observations led to the development of the Urban Model, originally developed by William Alonso in 1964. The Urban Model describes the relationship between the distance from the city center (or central business district -CBD), and the price of a property (or "land rent," in the model's terminology). The model explains decreasing property prices with increasing distance from the city CBD. Properties in city centers are, predictably, more expensive than their counterparts in city suburbs (Alonso, 1964) .
This relationship changes over time, as cities grow and/or become more or less congested. Larger cities reap more of the benefits of the economies of scale and agglomeration economies, and it can be observed that central locations in today's megacities are comparatively more expensive than in cities of a smaller size. Central London, Manhattan and the center of Tokyo regularly lead in high property prices (Cushman & Wakefield, 2016). Moreover, higher differences in property prices between the CBD and the suburbs can be observed in cities with insufficient infrastructure and long commuting times.
New technology has been envisioned to change this relationship between distance and property price. Extensive literature has been written about how ever cheaper transport and information flowing freely across borders will reshape the economy. An influential book by Frances Cairncross argues that proximity to other people, the main reason for the existence of highly concentrated cities, will lose its added value. The book envisions a much less concentrated economy where people are capable of living in a location of their choosing, working distantly, and communicating with ease with their colleagues around the world (Cairncross, 1997) .
To a certain degree, this future has arrived. A new class of digital nomads has formed largely around young entrepreneurs and office workers, who may work for companies based in London or San Francisco, yet are personally based in Thailand or Bali (or change locations a few times a year according to their preference) (The Economist, 2008).
However, the phenomenon of being located in proximity to large offices has not yet come to an end. On the contrary, it seems to matter more than ever. Production has spread its supply chains around the world, but the office environment has not (Glaeser, 2011) . Many international companies have established numerous local offices in many countries, but paradoxically, this was done to serve the local markets closely. Therefore, even in this case location still plays a significant role. It follows, then, that people are willing to pay ever higher price to be closer to each other (Avent, 2016) . Agglomeration economies seem to play an ever-increasing role in the formation of the cities.
Aim of this paper is to explore the strength of the relationship between proximity and price. For all of the reasons mentioned above, people are willing to pay extra money for apartments or houses closer to the city center, but the extent of this willingness is often unexplored. The research question at hand is: How much does a minute of commuting time influence the price of an apartment in Prague? In other words, with every minute of commuting time, how much more is paid for a house or an apartment closer to the central business district (CBD)? Similar research was conducted by Carl Bialik (2016) into the case of New York City, but based solely on asking prices and without the theoretical underpinnings of the Urban Model. This paper conducts an analysis of the relationship between distance and property price with a wider theoretical foundation and with a data set of property prices adjusted to real transaction level.
METHODOLOGY
For this analysis, a data set of apartment asking prices has been collected. A data mining tool ParseHub was used to collect the asking prices from the biggest Czech real estate listing website, Sreality.cz. During a data mining session on 13th November 2016, 2542 property prices were collected, together with the size of the property and location (street name, land registry districts, city district), and number of rooms. After removing duplicate entries and those with missing information, the data set included 2038 unique properties for sale at the time (Sreality.cz, 2016) .
This data set is sufficiently large and the properties listed are distributed across Prague land registry areas (95 out of 112 land registry areas included at least one listing), so an average property asking prices per square meter in each district has been calculated. Because asking prices deviate from real transaction costs, we then corrected them using average transaction costs, available at the city district level (Deloitte, 2016) . As real transaction costs are published only at the city district level (Prague 1-10), the option of using only available transaction prices was not possible, as the analysis would be influenced by the districts' excessive size.
Instead, listed asking prices available at the land registry area were adjusted according to the real transaction prices. This combination of two resources of property prices gives us a data set reasonably close to the real transaction prices while maintaining the variety present among city neighborhoods.
The CBD was set at Můstek metro station, a commuting hub with the highest number of commuters in Prague (DPP, 2008). Commuting times were collected from Google Maps between 8 and 9am on Monday, 14th of November 2016, purposely chosen at the height of the commuting rush.
The relation between property prices and commuting time is examined based on the Alonso Urban model, which states that:
where r represents rent form land, y signifies income, t the cost of traveling per unit of distance, and d distance. For simplicity, the urban model assumes all city inhabitants have the same income y, so the rent decreases with increasing distance from the CBD (Alonso, 1964) .
I here conduct a similar analysis, but instead of rent r, I am going to find the relationship between property price p and distance, for our purposes measured in minutes of commuting time.
This examination is based on a regression analysis. In the first step, we found a simple linear regression in the following format:
where p is the property price per meter square, t is commuting time in minutes, a represents the price at commuting time zero, and b represents the slope of the regression and our research objective -the property price per square meter, increased per minute of commuting time. We can state that:
By multiplying the stope b by the average size of an apartment in Prague at the time of the analysis saverage, we receive an average cost of property price increase equivalent to one minute closer to the CBD, pt.
While the linear regression offers simple and telling information for our problem, it is not without drawbacks. Our rigorous analysis of the residuals has pointed to systematic errors these residuals display when simple linear regression is applied. This is a serious flaw in the analysis. For this reason, we have conducted a regression analysis of higher orders and along other mathematical functions, in order to find out that the systematic error disappears from the analysis when a logarithmic regression is used in combination with other so far excluded factors, such as existence of large part (of a minimum size of 80ha), which is included linearly as a dummy variable. This confirmed that the logarithmic regression analysis is the most suitable for our problem at hand, even though it lacks the simplicity of a simple linear regression.
We can adjust our regression formula to:
where p is the property price per meter square, t is the commuting time in minutes, dummy (green) is a dummy variable representing a proximity of a large park, a represents the price at commuting time zero, b is the constant representing the slope of the logarithmic regression and c is the constant representing the slope associated with the proximity of a large park.
Our research objective -to determine the relationship between property price and commuting time -is more complicated when using a logarithmic regression, as the slope changes with the distance from the CBD.
ANALYSIS
The dataset of average asking property prices per meter square at the land registry level, real transaction prices at the city district level, and property prices per land registry level adjusted for the difference between asking and real prices, are included in Appendix 1. The same appendix also includes commuting times from each land registry area to the CDB. In conclusion, one extra minute of commuting time saves CZK 43,390.45 of the price of an average apartment in Prague.
As stated above, linear regression has a number of drawbacks. The high systematic error in the residuals resulted in the need to remove of 4 outliners, especially in the areas close to the CBD. This is apparent from the coefficient a, which in this analysis is only CZK 74,287, and does not truly represent the mean property price per meter square in the CBD. The systematic error in regression residuals has also resulted in a comparatively smaller value of R2.
A logarithmic regression with a linear inclusion of a proximity of a larger park (minimum size of 80ha) was conducted, as per Appendix 3, and I have found the following relationship: This relationship is graphically illustrated in the Figure 2 . The l-shaped curve of the plotted relationship signifies a very steep slope in the proximity of the CBD, which is gentler with increasing distance from the city center.
Fig. 2 -Logarithmic regression chart
To simplify our interpretation of this relationship, we can split the distance between the city districts and the CBD according to commuting time into 3 intervals (1-20, 21-40 and 41-55 minutes from the CBD, with 55 minutes being the longest commuting time for any of the land registry areas). We can then calculate linear increases in price. Article no. X
APPENDICES Appendix 1 -Dataset
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